Abbreviation Key: RHM = rendered whole-hen meal; RSHM = rendered spent hen meal. 
INTRODUCTION
The utilization of rendered spent hens and hen mortalities as a feed source has been well documented (El Boushy and van der Poel, 1984; Haque et al., 1991; Olejnik, 1995; Marks, 1997) . However, no research was found on the acceptability of meat from broilers fed rendered poultry meal. A rendered spent hen meal (RSHM) product would provide a solution to the poultry producers' problem concerning the disposal of spent hens after their laying cycle is complete.
In addition to determining whether RSHM could be used as a feed source, it is also essential to determine its sensory and physicochemical effects on poultry meat and eggs. Researchers have reported the development of off-flavor and odor and undesirable color development in broiler meat produced from broilers fed rations containing such additives as rapeseed (Hawrysh et al., 1980) and fish meal (Austic and Nesheim, 1990) . Williams and Damron (1997, unpublished data) determined that the addition of up to 10% RSHM in the diets of laying hens imparted no off-flavor to the eggs.
Researchers at the University of Florida produced rendered whole-hen meal (RHM) utilizing commercial laying hen mortality losses (Christmas et al., 1996) , and determined it to be acceptable and highly utilizable as a nutrient substitute in diets for commercial broilers. It was also determined that the rendering process was bacteriocidal for Salmonella species, and resulted in no isolation of virus or Chlamydia. In general, the RHM was produced by rendering whole laying hen mortalities that were collected from a major commercial egg producer's facility. The birds were processed in a batch steam cooker, stabilized, and dried to produce poultry meal. Corn-soybean starter and grower diets consisting of either 0, 8, or 12% RHM were administered to commercial straight-run chicks (i.e., mixed male and female chicks), from hatch to 6 wk of age. Williams and Damron (1998) determined that feeding the commercial broilers diets containing up to 12% RHM had no adverse effects on sensory characteristics, instrumental texture, and compositional profile of the broiler breast and thigh meats. These researchers concluded that the RHM would provide a solution to the poultry producers problem of dead bird disposal.
The objective of this study was to determine the sensory and physicochemical characteristics of broiler meat produced by feeding commercial broilers a RSHM. 
MATERIALS AND METHODS

Sample Preparation
The RSHM was produced by University of Florida researchers under commercial plant conditions (Damron, 1997, unpublished data) in the same manner as described for the RHM that was produced from laying hen mortalities. The spent hens were obtained from a major commercial egg producer at the end of their laying cycle (approximately 12 mo) and processed into RSHM. The RSHM was processed under commercial plant conditions utilizing a proprietary process. Ninety commercial straight-run broilers (i.e., mixed male and female broilers), fed starter and grower diets consisting of either 0, 8, or 12% RSHM from hatch to 6 wk of age, were utilized in the study. The corn-soybean diets were compensated for the addition of RSHM by replacing portions of other ingredients. The diets were formulated, using linear programming, to be isocaloric and contain equal levels of calcium, available phosphorus, sulfur amino acids, lysine, and sodium (Table 1) . Starter diets were also isonitrogenous. Trace minerals (i.e., manganese, 90 mg; selenium, 0.2 mg; zinc, 80 mg; iodine, 2 mg; copper, 10 mg; iron, 60 mg; and ethoxyquin, 65 mg) and vitamins (i.e., vitamin A, 8,000 IU; cholecalciferol, 2,200 IU; vitamin E, 20 IU; vitamin K, 2 mg; thiamin, 3 mg; riboflavin, 5 mg; niacin, 60 mg; biotin, 0.2 mg; pyridoxine, 5 mg; choline, 500 mg; pantothenic acid, 15 mg; folic acid, 1 mg; vitamin B 12 , 0.02 mg; and ethoxyquin, 65 mg) were provided per kilogram of diet. All diets were prepared and administered to the chickens as described by Christmas et al. (1996) . The 6-wk-old broilers were processed into readyto-cook carcasses at a commercial processing facility. Both wings of each carcass were tagged with coded bands. Each carcass was individually packaged, frozen, and transported to the Meat Science laboratory at the University of Florida for evaluation.
Frozen carcasses were cut into breast and leg quarters, packaged, and stored frozen until evaluated. Fifteen broiler carcasses per treatment per replication were evaluated for sensory characteristics, instrumental texture measurements, and compositional profile.
Sensory Evaluation
Breast Meat. Breast meat was evaluated 1 wk after carcasses were received from the processor. The frozen quarters were thawed for 48 h at 7 C. Wings were removed prior to cooking, and the skin was left intact on the breast. Copper-constantan thermocouples 3 were inserted into the thickest part of the muscles prior to cooking. The breasts were wrapped in aluminum foil, placed in roasting pans (four breast halves per pan per treatment), and cooked at 176.7 C in a conventional preheated gas oven to 80 C internal muscle temperature. The cooked chicken was allowed to cool at room temperature for 10 min, prior to removing the skin, and separating the muscles into Pectoralis major, and Pectoralis minor. A 1.9 cm wide strip of muscle, originating at the humeral insertion and terminating at the anterior end of the keel so that muscle fibers were parallel, was cut from the medial area of each P. major muscle, and reserved for instrumental texture analysis. The remaining P. major muscles from each treatment were cubed (approximately 1.25 cm × 1.2 cm × thickness of cooked cut) and served (two cubes per treatment) along with room temperature water and unsalted crackers (two crackers per panelist) to an 11-member trained panel. The samples were kept warm until served, by storing in preheated (121.1 C) 227 g Ball ® jam jars 4 that were placed in 5-jar capacity insulated thermostat yogurt makers. 5 Panelists were instructed to eat crackers, drink water between each sample to clear their palate, and pause for 20 s between samples. All samples were consumed (i.e., not expectorated). Six sessions were conducted per experiment. Thigh Meat. Thigh meat was evaluated approximately 2 wk after carcasses were received from the processor. Frozen leg quarters were thawed for 48 h at 7 C. The drumsticks were removed prior to cooking, and the skin and bones remained intact on the thighs. Thermocouples were inserted into the thickest part of the muscle prior to wrapping in aluminum foil, placing in roasting pans (eight thighs per pan per treatment), and cooking at 176.7 C in a conventional preheated gas oven to 80 C internal muscle temperature. Cooked chicken was removed from the oven, allowed to cool 10 min, deboned, and muscles cubed and served to an 11-member trained panel in the same manner as described for the breast meat. Four sessions were conducted per replication. No meat was reserved for instrumental texture evaluation because of inconsistent and irregular muscle fiber alignment in the thigh muscles.
Sensory Methods. A modified hedonic scoring scale was employed in which panelists received four samples (two cubes per sample), with two of the samples being from the same treatment, and the remaining two samples representing different treatments (for example, 8% RSHM by 0% RSHM by 8% RSHM by 12% RSHM). This was done to determine whether panelists could detect differences within a given treatment or among the different treatments. The panelists were instructed to score each sample for juiciness, chicken flavor intensity, overall tenderness, and off-flavor. Eight-point scales were employed for juiciness, chicken flavor intensity, and tenderness where 8 = extremely juicy/intense/tender, 7 = very juicy/intense/ tender, 6 = moderately juicy/intense/tender, 5 = slightly juicy/intense/tender, 4 = slightly dry/bland/tough, 3 = moderately dry/bland/tough, 2 = very dry/bland/ tough, and 1 = extremely dry/bland/tough. A six-point scale was employed for off-flavor where 6 = none detected, 5 = threshold, barely detected, 4 = slight offflavor, 3 = moderate off-flavor, 2 = strong off-flavor, and 1 = extreme off-flavor. Panelists were requested to "identify any off-flavors detected, such as rancid, bitter, metallic, or other unique off-flavors". Panelists received a total of 8 h refresher training prior to performing sensory evaluations in this study. All panelists participating in this study were previous participants in the sensory evaluation of breast and thigh meat from broilers fed RHM. Panelists were reintroduced to rancid, bitter, and metallic off-flavors during the training sessions.
Instrumental Texture Measurements
Texture measurements were conducted as described by Lyon and Lyon (1991) . Two 1.9 cm wide strips of breast meat per treatment were each oriented in the WarnerBratzler Shear attachment (Type D.D., catalog no. 2830-002), 6 which was attached to the Model 1011 Instron texture machine. 4 Cross-head speed was 200 mm/min with a 50 kg load cell, and full-scale range of 10 kg. Shearing force was perpendicular to the direction of the fibers, and force required to shear the sample was recorded in kilograms.
Compositional Profile
The raw breast, and thigh muscles of three carcasses per treatment were analyzed (Association of Official Analytical Chemists, 1984) to determine moisture by oven drying method (24.003), protein by Kjeldahl method (24.027), fat 
Data Analysis
Two replications were conducted with 45 carcasses per replication, and 15 carcasses per treatment, using a total of 90 broiler carcasses. All data were analyzed using analysis of variance of the General Linear Models procedure of SAS ® software, and the LSMEANS procedure for generating SEM (SAS Institute, 1990; Littel et al., 1991) . The experimental design was a randomized complete block with three treatments (levels of RSHM in the diet).
RESULTS AND DISCUSSION
Sensory Evaluation
No significant differences (P > 0.05) in juiciness, chicken flavor intensity, tenderness, or off-flavor were detected among the breast meat samples from broilers fed 0, 8, or 12% RSHM. The off-flavor scores for all samples were above the threshold value of 5, indicating that no offflavor was detected. Similar results were reported for the thigh meat. No significant differences (P > 0.05) in juiciness, chicken flavor intensity, tenderness, or off-flavor were detected among the thigh meat samples from broilers fed 0, 8, or 12% RSHM. Because no significant differences were determined between the treatments, no table was constructed. The data demonstrated that the major differences determined in sensory characteristics could be largely attributed to the actual type of muscle, and not the addition of RSHM (Table 2) . Thigh meat, which is inherently higher than breast meat in fat (Stadelman et al., 1988) , was consistently rated higher (P < 0.05) in juiciness and flavor when compared to breast meat in all treatments. Many of the flavor components of poultry are fat-soluble, and would be more abundant in the thigh meat than breast meat (Lindsay, 1985) . The presence of fat also contributes to the juiciness characteristics of muscle foods.
Compositional Profile and Instrumental Texture
The compositional profile for all breast meat treatments was similar, indicating that the RSHM had no adverse effect on the composition of the meat (Table 3) . No significant Warner-Bratzler shear differences (P > 0.05) were revealed among the breast meat samples from broilers fed 0, 8, or 12% RSHM (Table 3 ), indicating that the RSHM treatments had no adverse effects on texture. The Warner-Bratzler shear values were all indicative of very tender breast meat (Lyon and Lyon, 1991) . According to a study conducted by Lyon and Lyon (1991) , WarnerBratzler shear values of < 3.62 kg for cooked breast meat, corresponded to panelists' sensory responses of very tender. Similar findings were determined in our study. The Warner-Bratzler shear values in our study were 2.80, 2.59, and 2.64 kg for breast meat from broilers fed 0, 8, and 12% RSHM, respectively, which corresponded well to the panelists' responses of above "moderately tender" (i.e., scores greater than 6.00). No thigh meat was reserved for instrumental texture evaluation because of inconsistent and irregular muscle fiber alignment.
This study demonstrated that the RSHM had no adverse effects on sensory characteristics, instrumental texture, and compositional profile of the breast and thigh meat. As was true in the earlier study (Williams and Damron, 1998) for RHM, the RSHM product can also be employed in the starter and grower diets of broilers at levels up to 12% without causing undesirable sensory characteristics in the meat.
